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(54) ARTIFICIAL N EURAL TUBE 

(57) The present invention Is to provide an artificial 
tube far nerve which remains in a body until a nerve re- 
generates, does not remain In the body as a foreign 
body after regeneration of the nerve, induces axons re- 
generated from severed nerve stumps, promotes infil- 
tration of blood capillaries from the body and promotes 
regeneration of nerve tissue, and a method for produc- 



ing the same. The artificially fornerve has finefibrous 
collagen bodies (30) in the lumen of a tube comprtead 
of a biodegradable and absorbable material, the voids 
inside the fine fibrous collagen bodies being filled! with 
temlnln. 
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Description 

Technical Field 

[00011 Th9 present invention relates to an artificial 
tube for nerve. 

Background Art 

t0002] In the case of peripheral nerve being severed 
surgically or severed due to Injury, an Initial attempt is 
made ro directly anastomose th8 stumps of the severed 
peripheral nerve, tn many cases, however, it le Impos- 
sible to accurately anastomose the severed nerve di- 
rectly resulting In the nerve being left "m the severed 
state. Consequently, although the nerve attempts to re- 
generate Towards the distal side, It Is impaired by con- 
nective tissue. Hence, regeneration stops with the for- 
mation of b neuroma at the severed end without reach- 
ing the neural stump Dn the distal side, Ae a result, the 
function of the severed nerve is frequently not restored 
after the surgical wound or injury has healed, and se- 
quells remain, In cases in which direct anastomosis Is 
not possible, a peripheral nerve having a function which 
Is not very important may be partially excised from the 
same patient, and eutotransplantatlon may be per- 
formed to the severed site of the nerve using this pe- 
ripheral nerve segment However, in this method as 
well, not only are there many cases In which nerve func- 
tion is not adequately restored, but there are also many 
cas.es In which decreased function Is observed even at 
the portion at which the transplanted nerve is used. 
10303] Therefore, numerous attempts have been 
made to restore function by connecting the stumps of 
severed peripheral nerves with a tube-shaped material, 
namely an artificial tube fbrnerve, regeneratlngthe axon 
from the stump on the central sWe of the nerve trunk 
towards the stump on the distal side, Inducing the nerve 
to extend in the proper direction, and allowing the nerve 
to reach a myoneural Junction or peripheral sensory re- 
ceptor from the peripheral nerve trunk. In the past, var- 
ious materials have bean attempted to be used as arti- 
ficial tube for nerve, examples of which Include non-po- 
rous tubes made of silicone, polyethylene or polyvinyl 
chloride, porous tubes made of drawn polytetrafluor- 
oethylene or cellulose, seml-permeabi© membrane 
tubas matte of polyacrylonltriie or polyeulfone. tubes 
made of biodegradable materials such as polyglycoOc 
acid, polylacflc acid or their copolymers, gelatin tubes, 
or biological tissue tubes originating In the same species 
such as arteries and veins. However. In reganeration ex* 
perimerrte on peripheral nerves using these materials, 
since biological repair is Impaired by the material, the 
length of nerve that has been able to be regenerated 
thus far has been at most on the order of 1 5 mm. In ad- 
dition, not only b the regenerated nerve narrow without 
the form of the nerve being normally restored, but mere 
are afeo many cases In which the function of regenerat- 
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ed nerve Is not restored. In addition, although examples 
have been reported in which neural growth factor NGF 
is filled Into a tube, since NGF ends up rapidly running 
out ol the tube and dispersing, remarkable effects have 
5 not been obtained. 

rj0OO41 Although artificial tubes for nerve which com- 
prise collagen tubes In which collagen fibers on which 
faminin end ftbronectin are coated are filled fTong, X., 
et al„ Brain Research 663: 155-16£ (1994), have ra- 
ta cently been attempted, since the collagen tubes are un- 
able to remain without being broken down until the nerve 
Is regenerated to an adequate length, satisfactory re- 
sults have not been obtained. 
IQO05] On the other hand, the spinal cord Is consld- 
15 ered to not regenerate once it has been damaged. In 
the case the eplnal cord is damaged due to injury or tu- 
mor, the damaged spinal cord does not regenerate, and 
all function below the damaged portion Is lost with pa- 
ralysis remaining as theaequella. Recently however, ex- 
20 pertmente on animals have begun to be conducted that 
prove that the spinal cord is also able to regenerate. In 
the case the spinal cord is severed sharply and accu- 
rately re-sutured, function is restored and the damaged 
portion is repaired to a considerable degree. In addition, 
25 if a portion of the spinal cord Is excised in the form of a 
tube and an intercostal nerve fasicle le implanted at that 
site, the portion of the eplnal cord regenerates and func- 
tion is at least partially restored. If a portion of the spinal 
cord is excised In the form of a tube, and fetal spinal 
30 cord Is tranepl anted to that site , spl rial cord Mi notion and 
form are restored. These findings have been observed 
in experiments in rats. In this case as well, it is recog- 
nized that regeneration occurs only in the case the 
transplanted fetal spinal. cord segment Is transplanted 
ss by properly aligning the respective neural processes. 
Based on the above findings, although it has been de- 
termined that regeneration of the spinal cord can occur 
by inducing the spinal cord so as to properly align the 
compartments of regenerated tissue, there have been 
*o no artificial tubes for eplnal cord developed whatsoever 
that actually allow spinal cord regeneration. 
[0006] Therefore, In order to control the rate of de- 
composition in the body so aato remain In the body until 
the nerve regenerates while also allowing degradation 
45 and absorption in the body as nerve regeneration 
progresses, the development of an artificial tube for 
nerve Is desired that Induces axons regenerated from 
severed nerve stumps to extend in the proper direction 
without pressing on the regenerated nerve following 
so nerve regeneration, and causes rapid restoration of 
blood flow by promoting infiltration of blood capillaries 
from the body to promote regeneration of nerve tissue. 
In addition, there is also an urgent need for the devel- 
opment of an artificial tuba for spinal cord that connects 
55 not only peripheral nerves but also the missing portions 
of spinal cord, and promotes proper regeneration of spi- 
nal cord tissue along with restoration of function. 
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Disclosure of the Invention 

[0007] The present Invention relates to an artificial 
tuba for nerve which is charactarfead In that the artificial 
tube for nerve has fine fibre us collagen bodies (30) in 
the lumen of a tube (1 0. 20) comprised of a biodegrad- 
able and absorbable material, the volde Inside the fine 
fibrous collagen bodies belpg filled with lamlnln. 
[twoa] in addition, tha present invention relates to a 
method for producing an artificial tuba for nerve which 
is characterized in that the method comprises steps: 
preparing! a lube (10, 20) comprised of a biodegradable 
and absorbable material, introducing a hydrochloric acid 
solution of collagen Into thq lumen of the tube, freezing 
and then freeze-drylng the Jube to form fine fibrous col- 
lagen bodlee (30), performing thermal crosslink! ng treat- 
mem on the tube having th e, t Ine fibrous collagen bodies 
in Its lumen, and Introducing leminin into the fine fibrous 
collagen bodies. 

Brief Description of the Drawings 
[0009] 

Fig. 1 is a drawing showing a cross -section of an 
. embodiment cf an artificial tube for nerve of tha 
present invention (that provides a schematic repre- 
sentation of the structure without using actual di- 
mensions. In addition, although the portion indicat- 
ed by reference numeral 30 Is an actual object, the 
diagonal lines are omitted for the sake of the expla- 
nation.) 

Rg. 2 is a photograph (SEM photograph) showing 

the structure (cross-section) of an artificial tube for 

nerve of type 1 of the present invention. 

Rg. 3 Is a photograph (SEM photograph) showing 

the structure (cross-section) of tube base material 

of an artificial tube for nerve of type 2 of the present 

invention. 

Rg. 4 Is a photograph (SEM photograph) showing 
the structure (cross-section) of tha fine fibrous col- 
lagen bodies present in the tube lumen of the arti- 
ficial tube for nerve of the present invention. 

[0010] The following reference numerals are used in 
the drawing. 

11 ,21 : (Biodegradable, absorbable material) tube 

12,13: (Gelatin) coating layer 

22,23: (Collagen) coating layer 

30: Tine fibrous collagen bodies 

Best Mode for Carrying Out the Invention 

[001 1] Although the length and inner diameter of the 
tube (1 0 f 20) that composes tha artificial tube for nerve 
of the present invention differ according to the length 
and thickness of the severed portion of the norve t in or- 
der to cover, for example, a missing portion an the order 



of about 25 mm of the sciatic nerve (using the example 
Of a cat), the length is about 2A-35 mm, and preferably 
about 30 mm, and the Inner diameter is about 1 -8 mm, 
and preferably about 4 mm. In addition, in the case of 

s using th e artificial tube for nerve of the present invention 
as an artificial tube for spinal cord as well, the length of 
the tube Is determined according tD the length of tha sev- 
ered portio n, while the inner dlametBr is preferably about 
2-12 mm and particularly preferably about 10 mm. 

10 [0012] nisnccessarythattnotube(10,20)compo8ed 
of a material that is biodegradable and absorbable In 
vivo that composes the artificial tube for nerve of the 
present invention retains the shape of the tube to pre- 
vent Invasion of body cells from outside the tube during 

15 the time until the severed nerve regenerates and the 
severed location Is rejoined (about 1 -3 months). Conse- 
quently, despite being biodegradable and absorbable In 
vivo, It Is necessary that the material is able to retain fts 
shape In the body for a certain period of time. Although 

» examples of base matartais of such a material include 
mesh materials selected from the group consisting of 
polyglyeolic acid, porylactie acid, copolymer of glycolic 
acid and lactic acid, copolymer of lactic acid and e- 
caprolactono, polydioxanone and copolymer of grycolk: 

& acid and trlmethytene carbonate, a mesh tube com- 
prised of polyglyeolic acid la preferable. In addition, In 
addition to the above-mentioned mesh tube, a tube 
comprlsedof fine fibrous collagen can also b© used pref- 
erably. 

so (0013] To begin with, a deecrtptlon is provided of the 
artificial tube for nerve of the present Invention (herein- 
after referred to as "Type 1") in which a tube comprised 
of a biodegradable and absorbable material has a coat- 
ing layer (13, 23) comprlsad of gelatin or collagen on at 

3S laast the outside of a mesh tube comprised of a material 
such as polyglyeolic acid, in order to allow the mash tube 
(11) comprised of a material such as pdygrycolfc add 
to retain the shape of the tube for a period of about one 
to three months in the body, the thickness of the tube 

40 (referring to the thickness of the tube wail In the form of 
a cylinder, and to apply similarly hereinafter) is prefera- 
bly about 0.1-3 mm, and particularly preferably about 
0.5-2 mm. [fthethlcknees exceeds aboutSmm.thetube 
obstructs regeneration of body tissue, and If the thick- 

46 ness is less than 0.1 mm, degradation and absorption 
of the tube proceed too rapidly, and the shape of the 
tube Is not maintained until the nerve finishes regener- 
ating. In addition, in the case of using the artificial tube 
for nerve of the present Invention as an artificial tube for 

so spinal cord, Its thickness should preferably be about 
0.2-S mm. and particularly preferably about 0.5-3 mm. 
fl)01 4] In the case that the base material of the above 
tube Is a material such as polyglycolfc acid, said tube Is 
In the form of a mesh to impart water permeability to the 

ss base material which Is Itself hydrophobic. The mesh 
pore site of this mesh tube (11 ) is preferably about 5-30 
um, and particularly preferably about 10-20 u/n. If the 
mesh pore size Is less than about 5 jim, cells and tissue 
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are unable to proliferate, while if the mesh pore size ex- 
ceeds about 30 u/n, entry of tissue becomes excessive. 
[0015] In addition, since aald material itself does not 
have an action thai promotes tissue regeneration, al- 
though rt is made to have a coating layer (1 3, 23) com- 
prised of a material having action that promotes tissue 
regeneration on at least the outside of tube {1 1 ) serving 
as the base material, It Is pref erabty coated or filled wfth 
a material having action that promotes tissue regener- 
ation on both the Inside and outside of the tube serving 
as said base material and Inside the mesh pores. The 
thickness of the coating layers (13,23 and/or 12,22) Is 
preferably about D.2-5 mm, and particularly preferably 
0.5-3 mm. Examples of such materials that promote tis- 
sue regeneration include collagen or gelatin which have 
weter-permeabllity, do not cause foreign body reactions 
when applied hi the body, have excellent bloafflnlty and 
tissue compatibility, end have an action that promotes 
tissue regeneration. Collagen originating In various an- 
imals conventionally used in the past can be used for 
the collagen raw material, preferable examples of which 
include type I collagen era mixture of type t and type III 
collagen originating in the skin, bone, cartilage, tendon 
and organs of cows, pigs, rabbits, sheep, kangaroos or 
birds that is solubllized by acid, base, enzymes and so 
forth. The coating layers composed of collagen are lay- 
ers having an amorphous structure In which collagen 
molecules are dispersed. Purified gelatin according to 
the Japanese Pharmacopoeia can be used for the raw 
material of a coating layer composed of gelatin. 
[0016] In the artificial tube Tor nerve of the present In- 
vention, the tube base material composed of a material 
that is biodegradable and absorbable in vivo can be the 
mesh tube (11) composed of a material such as the 
above-mentioned pclyglyeollc acid, or a tube (21) com- 
posed of fine fibrous collagen having collagen having 
an action of promoting tissue regeneration for Its raw 
material. The following provides a description of the ar- 
tificial tube for nerve of the present invention (hereinaf- 
ter referred to as "Type 2") rn which the material that Is 
biodegradable and absorbable in vtvo Is a tube com- 
posed of fine fibrous collagen, and the coaling layer (23 
and/or 22) possessed on at least the outside of eaid tube 
is composed of collagen. 

[0017] Type I collagen or a mixed collagen of type I 
and type 111 of animal origin like that has been used in 
the past and Is eolublilzed by acid, base or enzymes and 
so forth in the same manner as the raw material of the 
coating layer of the artificial tube for nerve of type 1 Is 
preferable for the collagen used for the raw material of 
said tube base material. This material composed of fine 
fibrous collagen is a matrix or thread-like woven or knft- 
ted product of a non-woven fabric-like multi-element 
structure in which fine fibers composed of collagen mol- 
ecules are overlapped in multiple layers (and more spe- 
cifically, using microflbera having a diameter of 3-7 rrm 
composed of several collagen molecules as the basic 
unit, said miwofifo&rs are bundled to form uttreflne fibers 



having a diameter of 30-70 nm, said uttraflne fibers are 
further bundled to form fine fibers having a diameter of 
1 -3 nm, raws of bu ndtes of saidfine fibers are laminated 
vertically and horizontally in alternating fashion to form 

s fibers having a diameter of 5-B p.m, and said fibers are 
fallen on top of one another In acoaxJal direction to form 
sheet fibers having a diameter of 20-50 urn ultimately 
resulting In the formation a fibrous collagen as the max- 
imum unit by randomly intermingling these sheet fibers 

10 1 1 ; sec Fig. 2). Tube (21 ) that uses this for Its material 
has an inner diameter and length similar to tube (11) of 
the artificial tube for nerve of type 1 - Its thickness te pref- 
erably about 0.5-5 mm, and particularly preferably 1-2 
mm. In addition, in the case of using the artificial tube 

is for nerve of the present Invention as an artificial tube for 
spinal cord, Its thickness te preferably about 0.5-5 mm, 
and particularly preferably about 1-3 mm. In addition, 
the coating layer (23 and/or 22) composed of collagen 
formed on at least the outside of this tube (21 ) uses con- 

20 verrtional eoiublHzed type I or a mixed collagen of type 
I and type III of animal origin for Its raw material similar 
to the non-woven fabric-like multi-dement structure 
composed of fine fibrous collagen for the tube base ma- 
terial. However, the form Is that of a layer having an 

25 amorphous structure In which collagen molecules are 
dispersed. Furthermore, the thickness of the coating 
layer Is preferably about0.1-2mm. and particularly pref- 
erably about 0.5-1 mm. 

(001 &] As previously described in details, the artificial 

30 * tube for nerve of the present Invention has fine fibrous 
collagen bodies (30) in the lumen of a tube (10,20) com- 
posed of a biodegradable and absorbable material, and 
lamtnln is filled in the voids In said fine fibrous collagen 
bodies (hers, said fine fibrous collagen bodies have a 

99 structure that Is substantially similar to the n on -woven 
fabric-like multi-element structure composed of fine fi- 
brous collagen serving as the tube base material; see 
Fig. 3). When this artificial tube for nerve is applied In 
the body, nerve fibers use said fine fibrous collagen bod- 
los as footholds for regeneration for the purpose of re- 
generating and extending, (Furthermore, said line fi- 
brous collagen bodies are gradually digested and de- 
stroyed during the course of regeneration and extension 
Of nerve fibers,) 

49 [0019] As a preferable mode of the present invention, 
the tube base material (11 or 2 1 ) composed of a material 
that Is biodegradable and absorbable in vivo Is a tube 
(11) composed of a cylindrical mesh body made of poV- 
yglycolic acid, and the coating layer (23 and/or 22) of 

so said tube Is composed of amorphous collagen. 

[0020] The following provides a description of the 
method for producing the artificial tube for nerve of the 
present invention. To begin with, In orderto produce the 
artificial tube for nerve of type 1 , a mesh tube (1 1) Is first 

ss produced using a material such as polygrycolte add. Al- 
though this may be produced by any method, as an ex- 
ample of such a method, ffcers of pclyglyeollc acid and 
so forth (fibers having a diameter of, for example. 0.1 
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mm) are woven Into the shape of a cylinder to obtain a 
mesh tube having the above thickness. The prepared 
mesh tube (11) is then coated with the above collagen 
or gelatin solution or immeiBBd in said solution (this 
coating or immersion Is to be hereinafter referred to as 
• , CoatIng' , ) and then air-dried to form a collagen or gel- 
atin coating layer (10,23 and/or 12,22) on at least the 
outside of mesh tube (11) and inside the mesh pores (In 
the case of forming said collagen or gelatin coAtlng layer 
only on the outside of said mesh tube and Inside the 
mesh pores, a rod made of Teflon and so forth that 
makes contact with the Inside of said mesh tube should 
be Inserted Into the lumen of eald mesh tube prior to 
coating of said collagen or gelatin solution). In order to 
form this collagen or gelatin coating layer, an approxi- 
mately 1 N hydrochloric acid solution (pH of about 3) 
pralBrabiy containing about 1-3 wt%, and particularly 
preferably about 1-2 wt%, of collagen, or preferably an 
about 2-30 wt%, and particularly preferably about 1 0-20 
wt%, aqueous gelatin solution is used. Furthermore, in 
this type of artificial tube for nerve, it Is convenient to 
coat mesh tube (1 1 ) with collagen or gelatin after treat- 
ing with plasma discharge, ozone emission or other hy- 
drophilteatlon treatment to impart mesh tube (11) with 
hydrophiGc properties. 

[DQ21J On the other hand, in order to prepare the ar- 
tificial lube for nerve of type 2, a rod made of Teflon and 
so forth that makes contact with the inside cf the tube 
and has, for exempte, a diameter of about 1 -8 mm, and 
preferably about 4 mm, Is used for the core. Further- 
more, In the case of using Ihe artificial tube for nerve ol 
the present invention as an artificial tube for spinal cord, 
the rod having a diameter of preferably about 2-1 2 mm, 
and particularly preferably about 10 mm, is used. Tho 
core is immersed in an approximately 1 N hydrochloric 
acid solution containing preferably about Q,S-3 wt% . and 
particularly preferably about 1-2 wt%, of collagen, and 
a collagen hydrochloric acid solution layer having a 
thickness of preferably about 5-20 mm, and particularly 
preferably about 1 0 mm. Is formed on the surface of said 
core followed by freezing (for example, at about 0°C for 
about 12 hours). Furthermore, in the case of using the 
artificial tube for nerve of the present Invention as an 
artmciaJ tube for spinal cord, a collagen hydrochloric ac- 
id solution layer Is formed having a thickness of prefer- 
ably about 5-30 mm, and particularly preferably about 
20 mm, followed by freezing. As a result of freezing, fine 
fragments of fee form between the collagen molecules 
dispersed in the hydrochloric acid solution, phase sep- 
aration occurs In the collagen frydrochloric acid solution, 
and fine libers of collagen are formed due to rearrange- 
ment of the collagen molecules. Next, this Is further 
frceze-drled (for example, at about 0 B C for about 24 
hours) In a vacuum. As a result of maeze-drytng, In ad- 
dition to the fine toe fragments between the collagen 
molecule© vaporizing, a tube la obtained composed of 
a non-woven fabric-like collagen layer in wrtteh fine fib- 
ers of collagen overlap in multiple layers. 



[0022] Next, the core on which id formod this fine fi- 
brous collagen layer is placed In a pouch made of pol- 
yethylene and so forth, sealed and degassed or not de- 
gassed followed by mechanical pressing cf said fine fi- 
s brcus collagen layer to compress the collagen layer. As 
a result of compressing, high-density, fine fibrous colla- 
gen layer (21) Is obtained. This compression procedure 
is performed such that the thickness of said fine fibrous 
collagen layer attar compression Is preferably about 
io 0.5-6 mm. end particularly preferably about 1 -2 mm, or 
In the case of using as an artificial tube for spinal cord, 
the compression procedure Is performed such that the 
thickness of the fine fibrous collagen layer after com- 
pression is preferably about 0.5-5 mm, and particularly 
13 preferably about 1-3 mm. Furthermore, in the case of 
using that in which a collagen threadlike product is wo- 
ven or knitted for the tube composed of fine fibrous col- 
lagen , in place of forming the above collagen hydrochlo- 
ric acid solution layer, wet spinning is performed to first 
so produce a collagen thread-like product from the above 
collagen hydrochloric acid solution after which this is 
woven or knitted Into the shape of a tube. The remainder 
of the procedure starting with freezing is the same as 
that described above. 
25 I002S] Collagen coating layer (23 anoVor22) isfurther 
formed on at least the outside of compressed fine fi- 
brous collagen layer (21) formed In this manner. As a 
result of forming these collagen coating layers (23 and/ 
or 22), a tube (20) composed of a biodegradable and 
so absorbable material is obtained having even greater 
strength. In order to form these collagen coating layers 
(23 and/or 22), the tube composed of fine fibrous colla- 
gen layer (21) removed from the above-mentioned rod 
or core Is preferably again coated with or Immersed In 
35 an approximately 1 N hydrochloric acid solution contain- 
ing preferably about 0.5-3 wt%, and particularly prefer- 
ably about 1-2 wt%, collagen, and acollBgen hydrochlo- 
ric acid solution layer fe formed on at least the outside 
of fine fibrous collagen layer (21) followed by air-drying. 
40 This coating or Immersion and aJr-drying procedure Is 
repeated several times, and preferably 5-20 times, to 
obtain e collagen coating layer (23 and/of 22) having an 
amorphous structure in which collagen molecules are 
dispersed (thethlcfcness of the collagen hydrochloric ac- 
4S id solution layer Is preferabry about 0.2-1 ,0 mm, and par- 
ticularly preferably about 03 mm. overall), in the case 
of using the artificial tube for nerve of the present Inven- 
tion as an artificial tube for spinal cord, the thickness Is 
the seme. 

so [DQ24] TU&e (20) prepared In this manner can be han- 
dled easily and allows easy suturing with nerves due to 
Its high tear strength as compared with * tube consisting 
of compressed fine fibrous collagen layer (21) alone 
(due to partial entry of amorphous collagen Into said 

55 compressed fine fibrous collagen layer and partial dis- 
solution and precipitation of collagen at the Interface of 
said compressed fine fibrous collagen layer and said 
collagen coating layer). 
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[0025] Fine fibrous collagen bodies (30) are formed 
in the lumen of tube (1 0,20) composed of a biodegrad- 
able and absorbable material prepared as described 
above. Formation of these Hue fibrous collagen bodies 
(30) should be performed In the same manner as forma- 
tion of the tube (21) of type 2 with the exception of not 
performing the core filling and compression procedure. 
In other words, the above collagen hydrochloric acid so- 
lution is poured Into the lumen of these tubes using tube 
(1 0) or tuba (20) as a kind of mold followed by freezing 
and freeze-drying. 

[0026] Furthermore, prior to formation of these fine fi- 
brous collagen bodies (30), crossllnklng treatment Is 
performed In order to impart resistance to water-solubll- 
Hy to tube (21) composed of the collagen or gelatin coat- 
ing layer (13,23 and/or 12,22) and compressed fine fi- 
brous collagen (In the case of type 2, this crossllnklng 
treatment may also be performed after preparing tube 
(21) and before formation of the coating layer (23 and/ 
or 22). 

Crossllnklng treatment is advantageous for the artificial 
tube for nerve of the present Invention because It main- 
tains the shape of the tube and prevents Invasion of cells 
from outside the artificial tube for nerve during the tome 
until the peripheral nerve is finished regenerating. 
[00271 Although varying according to the length of the 
severed nerve portion that requires regeneration (since 
the Imparting of the shape retention function of the tuba 
serves as the rate-determining Step In the body), 
crossilnking treatment Is performed to an extent that the 
shape of the lube is retained for 1-3 months altar appli- 
cation in the body. Although examples of crossl inking 
methods include gamma ray crosslinklng. ultraviolet ray 
crossllnklng, electron beam crossllnklng, thermal dehy- 
dration crosslin king, glutaraldehyde crosslinklng, epoxy 
crossllnklng and water-soluble carbodiimide crosslink- 
lng, thermal dehydration crossllnklng Is preferable be- 
cause it is easy to control the degree of crossllnklng and 
does not have an effect on the body even when used 
for crossllnklng treatment The crossllnklng treatment Is 
performed In a vacuum ata temperature of, for example, 
about 1 06-1 SO^C, preferably about 1 20-1 50 P C, and par- 
ticularly preferably about 140 P C, for, for example, about 
6-24 hours, preferably about 6-1 2 hours, and particular- 
ly preferably about 1 2 hours. 
[0028] Finally, a component that aids the growth of 
nerve fibers Is filled Into the voids In the above fine fi- 
brous collagen bodies (30). Preferable examples of 
such a component include lamlnin, and particularly pref- 
erably human laminin. As an example of af filling method, 
tube (10,20) having fine fibrous collagen bodies (30) in 
Its lumen is immersed In a solution of lamlnin dissolved 
In PBS (Phosphate Buffered saline), or a PBS solution 
of lamtnln is Injected into said fine fibrous collagen bod- 
ies. However, prior to this laminin filling step, crossllnk- 
lng treatment, and preferably thermal dehydration 
crossllnklng treatment, Is preferably performed on the 
said fine fibrous collagen bodies produced for the same 
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reasons as In the production step of fine fibrous collagen 
bodies (30), Furthermore, "m the case of using the arfr 
flcial tube tor nerve of the present Invention as an ertffi^ 
ciaJ tube for spinal cord, an additional component for 

5 promoting regeneration and extension of nerve fibers, 
sucn as at least one among cell nutrient/growth factors 
like TGF-p, Inflammatory colls Including autologous 
macrophages (cultured in vitro) and autologous, homol- 
ogous or heterologous myelin (medullary sheath) form- 

10 ing cells such as ollgodendroglla andSchwann cells, are 
preferably Introduced Into said fine fibrous coflagen bod- 
ies In addition to this lamlnin filling. Introduction of these 
additional components should be carried out in accord- 
ance with routine methods. After filling and Introducing 

ts these components that aid In nerve regeneration and 
extension, the entire structure is air-dried to complete 
production of the artificial tube for nerve of the present 
invention (naturally, this does not mean that procedures 
required for distribution on the market, such as packag- 

20 ing and sterilization , do not have to be carried out). 
[00^9] The artificial tube for nerve prepared in the 
manner described above can be used to restore nerve 
function by inserting both stumps of a nerve that has 
been severed by Injury or surgical procedure into the 

2$ present artificial tube for nerve and fixing those portions 
by knotting suture to induce axon regeneration and ex- 
tension In the proper direction, and allow axons to reach 
from the peripheral nervetrunk to a neuromuscular junc- 
tion or peripheral sensory receptor. In addition, in the 

so case the spinal cord Is damaged due to Injury as well, 
by removing the vertebrae corresponding to the dam- 
aged portion and covering the damaged portion of the 
spinal cord with the present artificial tube for nerve, it is 
believed that the damaged spinal cord can be regener- 

99 ated and Its function restored. 

[cose] Although the following provides e detailed ex- 
planatlon of the present invention through its examples 
and comparative examples, the present invention Is not 
limited to these. 

40 

Example 

p031l Polygrycolic acid (PGA) fibers (diameter: 0.1 
mm) were woven Into a tubular shape to prepare a pol- 

45 yglycolic add mesh tube (mesh pore size: approxtnate- 
ty 1 r>20 urn) having a length of about 1 00 mm. Inner 
diameter of about 4-5 mm and thickness of about 1 mm. 
By maWng its surface hydrophlllc by subjecting to plas- 
ma discharge treatment and Immersing this mesh tube 

so in 1 N hydrochloric acid solution containing 1 .0 wt% en- 
zymwolubilized collagen originating In pig skin and 
then air-drying, the inside and outside of the tube were 
coated with said collagen hydrochloric acid solution 
(and naturally the insldss of the mean pores were also 

55 filled with saldcollagen hydrochloric acid solution: here, 
the Immersion and drying procedure Was repeated 10 
times). 

[0032] Next, after performing thermal dehydration 



6 



PAGE 14/21 ■ RCVDAT 12/10/2007 4:40:53 PM [Eastern Standard Time] 1 SVR:USPTO-EFXRFh5/28 ^ DNIS:2738300 * CSID:6124J5-3801 1 DURATION (mnvs$):0M2 



12/10/2007 15:39 612-455-3801 



HSML, P.C. 



PAGE 15/21 



11 



EP 1 201 202 A1 



12 



crossHnklng treatment (1 40*C x 24 hr) on tho above tube 
having collagen coating layers on its inside and outside, 
the above collagen hydrochloric acid solution was 
poured into Us lumen followed by freezing (-20*C x 24 
hr) , freeze- d ry In g (-80°C x 46 hr under vacuum) and per- 
formlng thermal dehydration crossllnkfng treatment 
(140»Cx24 hr) again. 

[00 S3] The above tube having fine fibrous collagen 
bodies in its lumen following crossllnklng treatment ob- 
tained In this manner was immersed in a PBS solution 
of human lamlnln (concentration: 10 MS>mO followed by 
air-drying (this procedure wbS repeated three times) to 
obtain the artificial tube for nerve of the present inven- 
tion (Type 1 ). 

[0034] BO mtn of the common peroneal nerve ol dogs 
(body weight 1 0 kg) was excised, the nerve stumps on 
both ends were inserted Into the above-mentioned arti- 
ficial tube for nerve and the overlapping portions of said 
artH iclal tube for nerve and said nerve stumps were fixed 
by knotting suture with 10-0 Nylon thread followed by 
evaluation over time. 

Comparative Example 



rjOOSSJ Enzyme-solubillzed collagen fibers originating 2s 
in pig skin (diameter: about 5 u/n) subjected in advance 
to thermal dehydration crossllnklng treatment (U0°C x 
24 hr) were Immersed In a PBS solution of human lam- 
inin (concentration: I0p.g/ml) followed by air-drying (this 
procedure was repeated three times) to obtain about 80 w 
lamlnln-coated collagen flbBrs that were inserted Into 
the lumen of the above PGA mesh tube having collagen 
coating layers on its Inside and outside eo that the fibers 
were substantially parallel to the axis of aatd rube, and 3. 
observations slrnBartothe example were conducted us- 35 
Ing the resulting erffiiclaJ tube for nerve. 

Observation Results 4. 

[0036] In the case of the comparative example, ab- *> 
normal stance of the affected rear paw when stationary 
and claudication when walking were observed at one 
month after surgery, and delay of the above stance and 
walking abnormality were observed in the majority of the 5. 
animals even at three months after surgery. In contrast, 4s 
In the example, similar functional abnormalities were ob- 
served to be diminished at one month after surgery, and 
bom had nearly completely disappeared at three 
months after surgery, According to the results of elec- 
trophysiological tests, the amount of time from dieap- 80 
pearance of response immediately after surgery to re- fi. 
induction became shorter for both me somatosensory 
electrto potential (SEP), which expresses recovery of 
sensory nerves, and the compound muscle activation 
potential (CMAP), which expresses recovery of motor & 
nerves, and the recovery index waa also promoted at 
three months after surgery. 



Industrial Applicability 

100571 The artificial tube for nerve of the present in- 
vention is able to retain its shBpe until the nerve finishes 

5 regenerating. In addition, since it induces and promotes 
nerve regeneration, severed nerves regenerate faster 
and longer In comparison with conventional artificial 
tubes for nerve, the state of the regenerated nerve more 
dosery approaches the normal state, and recovery of 

10 nerve function Is also favorable. In addition. It can also 
be used as an artificial lube for spinal cord for regener- 
ation and recovery of damaged spinal cord. 



is Claims 

1 , An artificial tube for nerve having fine fibrous colla- 
gen bodies in the lumen of a tube comprised of a 
biodegradable end absorbable material, the voids 
» inside the tine fibrous collagen bodies being filled 
with lamlnln. 



Trie artificial tube for nerve according to claim 1 , 
wherein the biodegradable and absorbable material 
is a mash material composed of a material selected 
from the group consisting of polyglycollc acid, poty- 
lactlc acid, copolymer of grycolle acid and lactic ac- 
id, copolymer of lactic add and e-caprolactone, 
polydioxanone and copolymer of glycolic acid and 
trimethyisne carbonate, and has a coating layer 
composed of gelatin or collagen on at least the out" 
side of said tube. 

The artJffclal tube for nerve according to claim 2, 
wherein the mesh material has a mesh pore size of 
about 5-30 urn. 

The artificial tube for nerve according to claim 1 , 
wherein the biodegradable and absorbable material 
Is composed of fine fibrous collagen, and has a 
coating layer composed of collagen at least on the 
outside of said tube. 

The artificial tube for nerve according to any of 
claims 1 to 4, wherein at least one of cell nutrient/ 
growth factors, autologous Inflammatory cells or au- 
tologous, homologous or heterologous myelin form- 
ing celts are additionally introduced Into the fine fi- 
brous collagen bodies. 

A method for producing an artff iclal tube for nerve 
comprising steps: preparing a tube comprised of a 
biodegradable and absorbable material, introduc- 
ing a hydrochloric acid solution of coltagan Into the 
lumen of the tube, freezing and then freeze-drylng 
the tube to form fine fibrous collagen bodies, per- 
forming thermal crossllnklng treatment on the tube 
having the fine fibrous collagen bodies in Its lumen. 
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and introducing laminin into the fine fibrous collagen 
bodies. 

7. The method according to claim 6, wherein the tube 
comprised of a biodegradable and absorbable ma- 
terial is obtained by coating a gelatin or collagen so- 
lution onto at least the outside of b mesh material 
composed of a material selected from the group 
consisting of porygrycolic add! poly lactic acid, co- 
polymer of glycollo acid and lactic acid, copolymer 
of lactic acid and e-caprolactone, polydloxanone 
and copolymer of grycolic acid and trimethyiene car- 
bonate, air-drying and subjecting to thermal 
crossllnklng treatment 

8. The method according to claim 8, wherein the tube 
comprised of a biodegradable and absorbable ma- 
terial Is obtained by coating a hydrochloric acid so- 
lution of collagen onto the surface of a core material, 
freezing and then freeze-drying to obtain a layer & 
composed of fine fib rous collagen, compressing the 
fine fibrous collagen layer, coating a gelatin or col- 
lagen solution onto at least tne outside of the com- 
pressed fine fibrous collagen layer, air-drying and 
subjecting to thermal crossllnking treatment 25 

9. Trie method according to either of claims 7 or 0, 
wfiereih at least one Kind of cell nutrierrt/growth fac- 
tors, separately cultured autologous inflammatory 
celts or autologous, homologous or heterologous a> 
myelin forming cells loaded onto gelatin or collagen 
are introduced Into the fine fibrous collagen bodies 
Into which laminin has been Introduced. 
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